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Micropuncture study of tubular transport of albumin in rats
with aminonucleoside nephrosis. The concentration of albumin
in proximal tubule fluid and urine of normal and amino-
nucleoside nephrotic rats was measured by ultramicrodisc
electrophoresis. A 200-fold increase in albumin excretion was
found four days after aminonucleoside injection despite a
significant reduction in inulin clearance and serum albumin
concentration. Renal cortical blood flow was decreased to the
same extent as glomerular filtration rate (GFR). Proteinuria
lid not relate to arterial, renal venous, or proximal tubule
hydrostatic pressure which remained unchanged, and, since
GFR was significantly reduced, probably was not due to an
increase in glomerular capillary pressure. The concentration of
albumin in glomerular filtrate of normal rats was estimated
to be 0.3 mg/l00 ml and that in animals with aminonucleoside-
induced proteinuria was 2.7 mg/lOO ml. The value in normal
rats may well have been artifactually high due to trace covert
contamination with serum albumin. The concentration of albu-
min in glomerular filtrate of the proteinuric rats calculated from
the urine albumin concentration and plasma:urine 14C-inulin
activity ratio was 2.6 mg/l00 ml, suggesting that relatively little
of the filtered albumin was absorbed in transit along the nephron.
Despite an estimated 30% decrease in colloid oncotic pressure
of peritubular capillary blood, fractional water absorption of
the nephrotic rats was no different from that of controls. It
appears, therefore, that in aminonucleoside-induced nephrotic
animals, at least, alterations in colloid oncotic pressure of the
degree obtained in these experiments are not important to the
regulation of proximal tubule fractional water absorption.
Etude par micropuncture du transport tubulaire de l'albumine
chez les rats a néphrose d'aminonucléoside. La concentration
d'albumine dans Ic liquide du tube proximal et l'urine de rats
normaux et de rats rendus nephrotiques par l'aminonucléo-
side a été mesurée par électrophorèse sur ultramicrodisques.
L'excrétion d'albumine est augmentée 200-fois quatre jours
aprés l'injection d'aminonucléoside, en dépit d'une reduction
significative de Ia clearance de l'inuline et de a concentration
de l'albumine sérique. Le flux sanguin cortical est diminué
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d'une facon proportionelle a Ia diminution de Ia filtration
glomérulaire. II n'y avait pas de relation entre Ia protéinurie
et Ia pression hydrostatique constante éxistant dans l'artére
ou Ia veine rénale ou dans le tube proximal. Vu Ia reduction
significative de Ia filtration glomérulaire, Ia protéinurie n'était,
sans doute, pas due a une augmentation de Ia pression capillaire
du glomerule. La concentration albuminurique du filtrat gb-
mérulaire a été éstimée a 0,3 mg/l00 ml chez les rats normaux et
a 2,7 mg/lOO ml chez les animaux rendus protéinuriques par
l'aminonucléoside. Pour les rats normaux, cette valeur peut
bien être artéfactuellement élevée suite a une contamination
occulte par l'albumine sérique. La concentration albuminurique
du filtrat gbomérulaire des rats protéinuriques, calculée a partir
de Ia concentration en albumine du plasma et du rapport plasma:
urine de l'inuline était de 2,6 mg/lOO ml. Ce résultat suggère
qu'une quantité relativement faible de l'albumine filtrée était
réabsorbée en traversant le nephron. En dépit d'une reduction,
éstimée a 30%, de Ia pression oncotique colloidale du sang
capillaire peritubulaire, Ia fraction absorbée de l'eau filtrée
n'était pas différente chez les animaux nephrotiques et chez les
animaux témoins. II semble done que, du moms chez les ani-
maux rendus nephrotiques par l'aminonucléoside, des variations
de Ia pression oncotique colboidale du degre observe dans ces
experiences, ne soient pas importantes pour Ia regulation de Ia
fraction de l'eau filtrée absorbée par Ic tube proximal.
Although indirect, several lines of evidence lead
to the conclusion that the proteinuria of the nephrotic
syndrome reflects an increased glomerular permea-
bility to macromolecular species. Recent micropunc-
ture studies have lent support to that concept, the
albumin concentration in proximal tubule fluid of rats
with aminon ucleoside nephrosis being significantly
higher than that in normal rats [1]. Carone and von
Haam [2], on the other hand, reported in a preliminary
communication that the protein concentration in
proximal tubule fluid of nephrotic rats was not differ-
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ent from that in controls, leading them to suggest that
proteinuria is the result of impaired absoprtion at
distal tubule sites.
In the present study, the concentration of albumin
in glomerular filtrate has been calculated and com-
pared with that in urine excreted by rats with amino-
nucleoside-induced nephrosis to determine more clearly
the relative contributions of increased glomerular
permeability and tubular absorption of albumin to
the genesis of proteinuria.
Methods
Female Sprague-Dawley rats weighing 185 to 223 g
were kept in individual metabolic cages beginning
24 hr or more before inclusion in the study. Purina®
rat chow and tap water were freely available. Urine
was collected under oil for 18 to 25 hr for creatinine
and albumin measurement. The animals then were
anesthetized with 36 mg/kg body weight (BW) sodium
pentobarbital. The right femoral vein was exposed
and 0.4 ml of blood was withdrawn into heparinized
syringes for measurement of control albumin, blood
urea nitrogen (BUN) and creatinine values. Albumin
in serum and urine was measured by ultramicrodisc
electrophoresis (see below), and auto-analyzer methods
were used for measurement of BUN and serum and
urine creatinine concentrations. Puromycin amino-
nucleoside (6-dimethylamino-9 [3'-amino-3'deoxyribo-
syl purine]) was injected through the same site at a
dose of 7.5 mg/l00 g BW in 0.5 ml 150 m saline. The
groin incision was closed and the rats were returned to
individual cages with free access to food and water.
Four days thereafter, with the onset of proteinuria,
the animals were anesthetized with 50 mg/kg BW
sodium pentobarbital injected intraperitoneally, placed
on a thermostatically controlled heated table, and
prepared for renal micropuncture studies. Their blad-
ders were catheterized with 2 cm lengths of P.E. 50
thin-walled tubing inserted into a length of P.E. 100
tubing to give a low urine outflow resistance. Each
urine sample obtained in this way was tested for occult
blood by the Hemastix® (Ames Co., Elkart, md.)
method to detect bladder or urethral bleeding, a poten-
tial source of extraneous albumin. Any evidence of
bleeding disqualified the rat from further study.
Hemastix tapes were found capable of reliably de-
tecting less than 5 mtl of rat blood in 1 ml of saline.
A negative reaction, therefore, indicated virtual ab-
sence of blood.
Prior to micropuncture preparation, the animals
received 1 ml of 150mM saline I.V. over a 20-minute
period followed by a priming dose of 40 tCi of '4C-
labelled inulin (New England Nuclear Corp., Cam-
bridge, Mass.) in I ml of 140 m saline. A continuous
infusion of inulin was given thereafter at a rate of
0.85 jiCi/min in 0.0375 ml saline. The bladder was
drained with the aid of gentle pressure over the rat's
suprapubic area. No attempt was made to completely
empty the bladder in studies of albumin excretion
since this maneuver was found in preliminary experi-
ments to occasionally produce slightly increased albu-
min excretion. Urine was collected for analysis be-
ginning 20 to 30 mm after the inulin infusion was
started and used for the determination of '4C-inulin
activity and albumin concentration.
The left kidney was exposed through an abdominal
incision, dissected free of the retroperitoneal fat, and
inserted in a lucite holder taking care to disturb the
vascular supply and ureter as little as possible. The
kidney was covered with mineral oil and micropunc-
ture was performed as described previously [1] using
very sharp 8 to 10 t O.D. pipets so that the tubules
would be subjected to minimal trauma when punc-
tured. Great care was taken to avoid distorting the
tubules or touching their inner walls. Oil-red-O stained
light mineral oil was injected into individual tubules
and collections made at such a rate that the droplet
remained stationary. Because of slow tubule fluid
flow, samples large enough for the measurement of
both '4C-inulin activity and albumin concentration
could rarely be obtained in less than the 3 mm target
time used in studies on normal rats. Since prior ex-
perience has shown that prolonged collections may
result in significant contamination of the sample with
extraneous albumin [1], collection periods in this study
were limited to a maximum of 5 mm. Samples too
small to permit an adequate measurement of both
'4C and albumin (40 miil or less) within a 5 minute
period were discarded. In this way, a certain unavoid-
able bias in tubule selection was produced, but the
risk of extraneous albumin contamination, considered
more important in this study, was reduced. A measured
portion of each proximal tubule fluid sample was
transfered into a 140 .t 1.D. constant bore capillary
tube supporting the prepared electrophoresis gel
column. The remainder was introduced into a second
constant bore capillary tube, and its volume was
measured prior to transfer into a 10 ml volume of a
scintillation fluid containing toluene 700 ml, ethanol
300 ml, butyl PBD (New England Nuclear Corp.,
Cambridge, Mass.) 10 g, and Cab-O-Sil (Beckman
Instruments, Fullerton, Cal.) 10 g/1. Ten to twenty Rl
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blood samples were taken from the tail after each
collection, and the '4C activity in duplicate 2 jil vol-
umes of plasma and urine were counted in a liquid
scintillation counter (Nuclear Chicago, Chicago, Ill.)
for comparison with that in tubule fluid. Larger blood
samples were taken at the end of the experiments for
measurement of serum albumin, creatinine and urea
nitrogen concentrations.
Albumin concentrations in tubule fluid, plasma and
urine were measured using an ultramicrodisc gel
electrophoresis technique described previously [3]. This
method is capable of reliably measuring as little as
3 x 10-11 g of albumin in volumes of lOmjil or more [3].
Plasma samples were diluted 1: 1000 in 150 m saline
and urine was diluted in saline to give a final albumin
concentration between I and 3 mg/l00 ml. Details of
the analytic procedure have been published else-
where [3]. Electrophoresis columns were prepared in
3 cm long, 140 js I.D. constant bore capillary tubes.
A 2.4 cm length of a 22% solution of recrystallized [4]
acrylamide with 0.5% hydantoin, pH 8.8, was aspi-
rated into these tubes and allowed to gel in a water-
saturated atmosphere overnight. Thereafter, a 3 mm
length of large pore solution, made as described by
Davis [5], was layered onto the small pore gel under
microscopic visualization. After a 20 to 30 minute
gelation period, the protein sample was applied with
a 5 cm long, 30 to 40 t O.D. capillary tube, its height
measured microscopically with a filar eyepiece, and
its volume derived. The end of each capillary tube
was sealed with gel to insure good electrical contact
with the electrophoresis buffer, pH 8.3, made accord-
ing to Davis [5].
Electrophoresis was performed with 6 to 12 columns
in parallel at a constant potential of 25 v/cm. Stand-
ard solutions of 1 mg and 3 mg/lOO ml rat albumin
(Pentex, Fraction V) in 150 m saline were run with
each series of samples. After electrophoresis, the gels
were extruded from their capillary tubes into 7% acetic
acid solution using 0.004 inch music wire as a plunger,
and stained for a minimum of 20 minutes in an aqueous
solution of Coomassie blue. After elution of excess
dye, the columns were placed on 1 mm thick, optically
plane "CO quartz" slides and the optical density of
the stained protein bands was read on a specially
built ultramicrodensitometer (Canal Industrial Corp.,
Rockville, Md.).
Proximal tubule hydrostatic pressure was measured
by water manometry as described previously in
6 rats not used for albumin measurement. The carotid
blood pressure of these rats was measured mano-
metrically, and renal venous pressure was determined
after completing micropuncture by inserting a saline-
filled, 6 cm long, 200 t O.D. glass capillary tube into
the renal vein with its tip 2 to 3 mm proximal to the
renal hilus.
Renal cortical blood flow and inulin clearance were
measured simultaneously in 8 rats not prepared for
micropuncture. Inulin clearance experiments were per-
formed as described above except that the concentra-
tion of 14C-inulin in priming and sustaining infusions
was reduced 5-fold, and the bladder was completely
emptied before and after each clearance period. Renal
cortical blood flow was measured as described pre-
viously [6] with minor modifications of the method
of Aukiand, Bower, and Berliner [7]. With this tech-
nique, the desaturation of inspired hydrogen gas is
measured with platinum electrodes implanted in the
renal cortex. The electrodes were made of 0.005 inch
diameter, 10 cm lengths of enamel-insulated platinum
wire with the terminal I to 2 mm scraped to remove
the insulation and sharpen the tip. Hydrogen activity
in the environment of each of 3 electrodes in each
kidney was measured amperometrically using a Keith-
ley 150 A microvolt-microammeter at a sensitivity of
30 to 100 jsA full scale. The tail of the animal was
placed in a beaker of 150 m saline leading through
a 3 M KCI agar bridge to a calomel electrode to com-
plete the circuit. The current deflection in response to
hydrogen in the renal cortex was displayed on a
Varian Gil recorder with a chart speed of 8 inches/
minute.
Statistical analyses were performed according to
Snedecor [8]. Except where stated, values given rei-
resent the mean and standard error of the mean (sEM).
Results
Values for urine and plasma albumin concentrations,
creatinine urine to plasma (U/P) ratios, and urine
albumin: creatinine ratios in normal and amino-
nucleoside injected rats are shown in Table 1. The
mean urine albumin concentration of 10 unanesthe-
tized rats prior to aminonucleoside injection was 2.5
SEM 0.4 mg/lOO ml and the urine creatinine concen-
tration was 78±sEM 4 mg/lOOml. Their mean BUN
concentration was 19± SEM 2 mg/l00 ml and serum
creatinine 0.47± SEM 0.05 mg/100 ml.
Four days after aminonucleoside injection, the
urine voided spontaneously by these rats just prior
to micropuncture preparation had a mean albumin
concentration of 491 SEM 185 mg/l00 ml, a marked
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Table 1
Albumin excretion of rats before and after injection with aminonucleoside
N BUN Albumin concentration Creatinine
U/P ratio
Urine albumin/creatinine
concentration ratio
>< io
.Urine Plasma
mg/lOU ml mg/lOU ml g/lOO ml
Control 10 19±2 2.5± 0.4 3.1±0.2 2l7±26b 0.033±0.005
Aminonucleosidea 10 27±2° 491 2.2±0.2° 204± 19 7.32
Values represent mean SEM.
a Animals injected with puromycin aminonucleoside, 7.5 mg/100 g BW iv., 4 days earlier. Urine samples obtained prior to micro-
puncture preparation.
Three plasma creatinine samples not obtained.
Statistically different from control, P< 0.01 or lower.
d N= 7.
but highly variable increase (P<0.00l). The U/P cre-
atinine concentration ratio was not different from that
of controls (P>0.3). Corrected for water absorption,
urine albumin excretion of intact rats increased 222
fold over the control value. In view of the fall in serum
albumin concentration from 3.1 SEM 0.2 g/100 ml to
2.2± SEM 0.2 g/l00 ml (P.<0.00l), the increased albu-
min excretion is even more significant. The mean
albumin concentration in urine collected during the
micropuncture procedure, 583 SEM 203 mg/100 ml
(Table 2), was not statistically different from that
obtained just prior to animal preparation (P>0.4).
Micropuncture preparation caused a moderate in-
crease in the urine albumin: creatinine concentration
ratio only in those animals with the least albuminuria
at the time of study (rats 6, 7 and 13, Table 2).
Table 2
M icropuncture data on aminonucleoside-injected animals
Animal Ualba U/P1, TF1 (TF/P)1 SNGFR (TF)aib(P/TF)in UaIb(P/U)Ifl
No. mpl/min/
mg/l00 ml mg/100 ml 100 g BW mg/100 ml mg/100 ml
3 563 272.6 5.4
4.0
5.2
3.8
2.15
1.98
1.42
1.49
8.52
8.63
6.78
7.48
2.15
2.03
3.66
2.56
2.06
4 275 306.4 3.4
6.9
2.25
1.90
8.05
10.37
1.51
3.61
0.90
6 130 290.5 5.6
2.4
7.3
2.1
2.8
1.98
1.94
2.02
1.60
2.68
6.76
10.28
8.18
9.64
9.64
2.83
1.23
3.61
1.29
1.04
0.45
7 94 134.4 0.8 1.43 6.19 0.52 0.70
13 527 158.7 4.2
12.0
6.5
14.0
9.7
3.7
1.65
1.90
1.34
1.30
2.26
1.52
5.90
7.61
5.60
5.16
9.83
11.67
2.56
6.35
4.86
10.85
4.30
2.42
3.32
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Table 2 (continued)
Animal Ualba
No.
mg/100 ml
U/P1 TFaIb
mg/100 ml
(TF/P)1 SNGFR
mid/mini
100 g BW
(TF)alb(P/TF)In
mg/100 ml
Ualb(P/U)In
mg/100 ml
14 1959 301.1 3.5
3.3
4.4
1.7
11.5
1.48
1.38
1.35
1.48
1.47
8.07
6.25
8.37
7.73
10.28
2.35
2.56
3.25
1.15
7.82
8.73
15 1540 176.3 6.9
3.5
3.5
3.24
2.05
1.52
7.21
7.29
4.20
2.13
1.69
2.31
8.73
16 140 250.4 1.7
3.4
1.7
0.8
1.56
1.82
1.43
1.58
9.69
12.22
9.78
9.22
0.64 0.56
19 348
20 257
386.5 3.1
3.3
1.7
1.9
0.9
132.0 12.0
12.2
4.3
2.2
2.7
1.61
1.87
1.85
2.53
2.73
2.38
1.62
1.85
1.18
2.01
7.86
10.71
10.32
15.66
10.74
8.03
8.40
7.85
7.21
1.92
1.77
0.92
0.75
0.33
5.05
7.56
2.33
1.87
1.34
0.898
1.94
N 10 10 40 40 39 40 10
Mean±sitM 583±203 240.9±27.3 4.8±0.6 1.82±0.07 8.6±0.4 2.68±0.36 2.60±0.91
Control values
N 5 5 19 19 19 19 5
Mean±sEM 6.1±0.5 227±11 0.6±0.1 1.87±0.06 14.7±0.4 0.31±0.09 0.024±0.000
a Urine albumin concentration at conclusion of micropuncture experiments.
Abbreviation: SNGFR = single nephron glomerular filtration rate.
Renal micropuncture data are shown in Table 2.
Forty samples of proximal tubule fluid accepted for
analysis had a mean albumin concentration of 4.8± SEM
0.6 mg/100 ml, a value comparable to that reported
in an earlier study of aminonucleoside-injected rats [1].
As manifest by the relatively large standard error of
the mean, the spread of values was very great between
nephrons in the same kidney and kidneys of different
rats.
The mean tubule fluid to plasma inulin concentra-
tion ratio (TF/P)1 of 1.82± SEM 0.07 was similar to
that obtained in normal rats (P>0.3). It is possible,
however, that the smaller samples which were dis-
carded might have had different inulin TF/P values.
The single nephron inulin clearance of 8.6± SEM
0.4 mjil/lOO g BW per minute was significantly de-
pressed below the value obtained in control animals
(P<0.001). Glomerular filtration rate (GFR) and
fractional water absorption of single nephrons of the
proteinuric animals did not exhibit the great varia-
bility found for albumin, and no correlation obtained
between albumin filtration and GFR or water absorp-
tion (P>0.4 or higher). The concentration of albumin
in glomerular filtrate, calculated by multiplying proxi-
mal tubule albumin concentration by (P/TF)1 and
assuming no tubular albumin absorption proximal to
the collection site, was 2.68± SEM 0.36 mg/l00 ml, a
value not different from 2.60± SEM 0.91 mg/100 ml
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Table 3
Clearance and pressure determinations in aminonucleoside-injected rats and controls
Experimental
group
Pressures GFRa CBFa
Arterial Renal vein Intratubular
mm Hg cm H20 cm H20 mI/mm 100 g BW mi/mm g cortex
Control 132±6
(N=8)
4.1
(N=8)
15.4±0.1
(N26)
0.81
(N8) 5.42±0.08(Nr8)
Aminonucleoside 131 4
(N=8)
4.0 0.1
(N=8)
15.5 0.1
(N=27)
0.63 0.06b
(N=7)
4.09 0. 17b
(N=8)
All values represent mean± SEM.
a GFR and CBF represent glomerular filtration rate and renal cortical blood flow, respectively.
b Significantly different from control, P< 0.01 or lower.
calculated from urine albumin concentration and
(P/U)1, (P>0.5). It was, however, some nine times
higher than the mean value calculated for normal rats
using the same micropuncture and analytic method-
ology (Table 2).
Renal cortical blood flow (CBF) of 8 aminonucleo-
side-injected rats not used for renal micropuncture
was 4.09± SEM 0.17 mI/mm g cortex and their GFR
was 0.63 SEM 0.06 mI/mm 100 g BW. As shown in
Table 3, these values were significantly lower than
those obtained in normal rats (P<0.001). Cortical
blood flow fell to essentially the same degree as GFR.
This change in GFR and CBF did not relate to a
significant change in body weight (247± SEM 6.0 g vs.
control of 244± SEM 6.7 g), but since plasma volumes
were not measured, may reflect volume redistribution
resulting from the lowering of serum albumin con-
centration from 3.1 g/lOO ml to 2.2 g/100 ml.
Arterial blood pressure was not different in the
two groups (132 SEM 6 vs. 131 SEM 4 mm Hg) at
the time of study. Twenty-seven measurements of
proximal tubule hydrostatic pressure in 5 amino-
nucleoside-injected animals gave a mean value of
15.5± SUM 0.5 cm H20, a value not different from
15.4± SEM 0.1 cm H20 obtained in control animals.
Renal venous pressure of these rats, 4.0 SUM 0.1 cm
H20, was also not different from the control value.
Discussion
A number of studies have suggested that the grossly
increased albumin excretion observed in subjects and
animals with the nephrotic syndrome reflects only a
small portion of the filtered albumin, the remainder
being absorbed by the renal tubules, Katz, Bonorris
and Sellers [9] have reported that the albumin cata-
bolic rate of nephrotic rats fell by approximately one-
half after the animals underwent bilateral nephrec-
tomy, and suggested that the kidney plays an impor-
tant (though not necessarily direct) role in albumin
catabolism in proteinuric states. Their conclusion was
supported by the experiments of Mendel [10] who
measured the renal content of intravenously injected
Evans blue, a tightly bound marker of serum albu-
min [11], in rats with nephrotoxic serum nephritis.
Some 70% of the estimated large filtered load of albu-
min was said to be absorbed and retained in renal
tissue. The technique of albumin-tagging with Evans
blue gives values for normal albumin filtration and
absorption in rats which grossly exceed those obtained
in direct micropuncture studies [1, 12, 13], however,
and is subject to serious question. Lilienfield, Rose and
Lassen [14] have shown that the albumin concentra-
tion in the renal medulla of normal dogs is approxi-
mately one-third that of plasma, most occupying an
extravascular location. A comparably high tissue
albumin content was found by Vogel, Ulbrich and
Gartner [15] in rabbit kidney. It is possible that this
large pool of rapidly exchangable extravascular albu-
min accounts for much of the "reabsorbed" albumin
in the experiments mentioned.
Chinard et al [16], McCrory [17], Hardwicke and
Squire [18] and Lambertet al [19] have examined
albumin clearances of nephrotic subjects as a function
of the glomerular filtration rate and serum albumin
Tubular albumin transport 9
concentration measured before and after large infu-
sions of homologous serum albumin. In a number of
instances, a straight line relationship was found be-
tween urinary albumin excretion and serum albumin
concentration. In others, a sharp increase in albumin
clearance occurred at higher albumin concentrations.
It may be concluded from the study of Chinard et a!.
[16] that either no albumin is absorbed by the ne-
phrotic kidney or that a small constant proportion of
the albumin filtered is absorbed. McCrory [17] inter-
preted the finding of a negative intercept to the line
relating the urinary albumin/serum albumin concen-
tration in such studies as a possible reflection of
significant tubular albumin absorption. As shown by
Malmendier et a! [20], however, acute expansion of
plasma volume of nephrotic subjects with dextran
leads to increased glomerular permeability to albumin.
In the experiments cited, the large quantities of albu-
min which had to be infused to raise the serum albu-
min concentration to the desired levels inevitably
would have increased plasma volume. If this were
associated with an increase in glomerular permeability,
albumin excretion would increase disproportionately
to serum albumin concentration and of itself produce
the negative intercept suggestive of significant tubular
albumin transfer.
There can be little doubt, nonetheless, that a variety
of proteins are absorbed by the renal tubular epi-
thelium. Histologic and elegant electronmicroscopic
studies have traced marker proteins through the
glomerular barrier into tubule lumens and ultimately
into athrocytotic vacuoles in tubule cells. Mauns-
bach [21] has coupled tubular microperfusions of
protein solutions with electron microscopy and
demonstrated increased numbers of athrocytotic vac-
uoles. Such studies, however, do not permit quantita-
tion of the rate of protein and, most particularly,
albumin absorption. Cortney, Sawin and Weiss [22]
have studied protein absorption in tubule perfusion
experiments on normal rats. Perfusing single nephrons
with 20, 40 or 100 mg/l00 ml 311-labeled albumin
solutions, they measured the percentage recovery of
albumin in the urine. Their data suggested to the
authors that the normal tubule absorbs some 20% of
filtered albumin, and, since the fractional loss was said
to be the same with all three concentrations of albumin
used, no transfer maximum for albumin was detect-
able. Scott et al. [23] also showed a marked loss of both
labeled albumin and inulin injected into single normal
rat nephrons. They later showed, however, that their
first results were artifactual and that less than 1.5%
of injected albumin was absorbed [24]. Tn this regard,
calculating from the data reported by Cortney et al. [22],
no correlation actually was obtained between site of
injection and albumin loss in those experiments in
which 20 mg/l00 ml and 100 mg/lOO ml albumin solu-
tions were infused. Their contention that a large fixed
percentage of filtered albumin undergoes tubular ab-
sorption was based on the similarity of statistically
non-significant regression coefficients and warrants
certain reservations.
Techniques suitable for the direct assessment of the
magnitude of albumin transfer across the glomerulus
and the extent of tubular absorption were not available
until quite recently. Studies of the type cited above,
although indirect, afforded the best available informa-
tion on the renal handling of protein in the nephrotic
syndrome. In a micropuncture study utilizing ultra-
microdisc electrophoresis [1] we found, however, that
the concentration of albumin in proximal tubule fluid
of rats with aminonucleoside nephrosis was only
4.5 mg/100 ml at a time when the animals had marked
proteinuria, a significant fall in serum albumin con-
centration, and slight ascites. This value was far lower
than those envisioned on the basis of indirect studies,
but it exceeded that found in normal rats and appeared
to be sufficient to fully account for the degree of
albuminuria observed [1]. Because of the design of
our previous experiments, however, the extent of
tubular albumin absorption could only be surmised.
The albumin concentrations in proximal tubule
fluid and urine of aminonucleoside-injected rats in
the present experiments were very similar to those we
obtained earlier and to those obtained by Lewy and
Pesce (personal communication) in animals given
10 mg/100 g BW aminonucleoside four days earlier.
Correcting for water absorption in proximal tubule
samples and assuming no albumin absorption proximal
to the puncture site, the mean concentration of albu-
min in glomerular filtrate of the nephrotic rats was
calculated to be 2.7 mg/l00 ml. That calculated from
the mean urine albumin concentration and U/P inulin
concentration ratio was 2.6 mg/100 ml. The concord-
ance between these values suggests that the assump-
tion that relatively little of the filtered albumin was
absorbed in transit along the nephron probably was
correct. There was, however, considerable variation
in the proximal tubule albumin concentration among
nephrons in the same kidney and between kidneys of
different rats which did not relate to the extent of
fractional water absorption. This wide scatter of data
doubtlessly could hide moderate absorption or even
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secretion of albumin. As shown in Table 2, proximal
tubule fluid samples of animals 14 and 15 contained
an amount of albumin which was grossly insufficient
to account for the amount excreted in the urine, sug-
gesting that urine albumin had been derived by means
other than glomerular filtration. In all other rats stud-
ied, however, filtered albumin was calculated to equal
or exceed the amount excreted, the mean ratio of
albumin filtration to excretion of the remaining rats
being 1.04. In view of the definite possibility that
nephrons whose albumin concentrations were low
relative to most of the nephron population were chosen
purely by chance in the two discordant animals, it
appears unnecessary to suggest that tubular secretion
of albumin was responsible for the seemingly excessive
albumin excretion. Control rats, by contrast, had a
mean proximal tubule albumin concentration of
0.6± SEM 0.2 mg/lOO ml, a value similar to that ob-
tained in the previous study [11. Correcting for proxi-
mal tubule water absorption and again assuming no
albumin absorption proximal to the collection site,
the concentration of albumin in glomerular filtrate is
calculated to be 0.3 mg/100 ml. A number of con-
siderations enumerated previously [1] suggest that
even this low value is probably inflated by trace covert
contamination with albumin resulting from the micro-
puncture procedure. Such slight contamination would
not greatly affect the values obtained in samples from
nephrotic rats with higher albumin concentrations.
The increase in albumin filtration four days after
aminonucleoside injection occurred despite a 20%
decrease in renal cortical blood flow and whole kidney
GFR. Glomerular filtration of individual surface
nephrons was even more severely depressed. Decreased
preglomerular arteriolar resistance and increased intra-
glomerular pressure presumably did not contribute to
the greater transfer of albumin across the glomerular
capillaries, such an alteration producing an expected
increase, rather than the observed decrease in cortical
blood flow and GFR. Nor was the increase in albumin
filtration related to alterations in intratubular pressure,
renal venous pressure, or arterial blood pressure, all
these parameters being indistinguishable from normal.
It seems likely, therefore, that the proteinuria observed
in aminonucleoside-injected rats reflects an intrinsic
change in permeability of the glomerular barrier to
albumin corresponding to the histological alterations
so well described by others. A decrease in overall
glomerular capillary permeability need not be postu-
lated at this early phase of aminonucleoside ne-
phrosis to explain the lowered GFR since renal
cortical blood flow fell to essentially the same degree
as glomerular filtration.
A number of renal micropuncture studies now have
shown that the rate of proximal tubule water absorp-
tion in acute experiments correlates directly with the
plasma colloid oncotic pressure [25—27]. Kuschinsky
et al [28], however, concluded from experiments in
which plasma protein concentrations were decreased
by acute and chronic saline infusions that variations
in peritubular protein concentration and oncotic pres-
sure cannot influence proximal tubule fractional water
reabsorption under physiological conditions. Apart
from choosing proximal tubule segments oriented in
the direction of the micropipet, selection of proximal
tubules for micropuncture was entirely random. We
have found in many previous studies that the distribu-
tion of sites of puncture in tubules chosen in this way
is constant from series to series. While puncture sites
were not measured in the present study, it seems valid
to compare (TF/P)1 values of the normal and the
aminonucleoside-injected rats. It is of some interest,
therefore, that the proximal tubule fractional water
absorption of aminonucleoside nephrotic rats with a
serum albumin concentration 30% lower than normal
and evident proximal thbule injury was not signif i-
cantly less than that observed in control animals. In
these experiments, GFR and renal cortical blood flow
were comparably reduced so that the fractional in-
crease in colloid oncotic pressure resulting from gb-
merular filtration presumably was the same as that
in normal animals. The oncotic pressure of peritubular
capillary blood was, then, some 30% lower than nor-
mal. Alterations in renal venous pressure and intra-
tubular pressure which might influence proximal tubule
fractional water absorption were not operative. It must
be assumed, therefore, that even if peritubular oncotic
pressure is an important determinant of normal proxi-
mal tubule fractional water absorption, it is not so in
hypoalbuminemic animals injected with the amino-
nucleoside of puromycin four days earlier.
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